The aim of this study was to reduce the level of homocysteine (Hcy) by high-methionine dietary supplementation of folic acid and to evaluate changes in lipid parameters in blood serum of experimental rats.
INTRODUCTION
Cardiovascular diseases (CVDs) are a serious problem in the public health all over the world. They are the main cause of death globally. The WHO estimated that 17.5 million people died from CVDs in 2012, representing 31% of the global death rate [WHO, 2015] . According to the WHO, the most important risk factors of heart disease are an unhealthy diet, physical inactivity, tobacco use and harmful use of alcohol. The effects of behavioural risk factors are: hypertension, diabetes, hyperlipidaemia, overweight and obesity [WHO, 2015] . Hyperlipidemia and hyperhomocysteinemia are the major risk factors of CVDs [Obeid & Herrmann, 2009] . A high risk of coronary heart diseases results from a low level of high--density lipoprotein (HDL) cholesterol, associated with a high level of low-density lipoprotein (LDL) cholesterol [Chien et al., 2007] .
Homocysteine (Hcy) , derived from methionine demethylation due to a biological reaction, belongs to sulfuric amino acids formed in the metabolic pathway of methionine/ Hcy. When the methionine supply from the diet is adequate, the formed Hcy undergoes catabolic transformations; a surplus of Hcy leads to hyperhomocysteinemia. The results of research proved that 2/3 of hyperhomocysteinemia cases at humans are connected with a high consumption of meat and milk products (the products rich in methionine) with parallel defi ciency of B 12 , B 6 vitamins and folic acid in the diet [Karakuła et al., 2009; Orzechowska-Pawiłojć et al., 2005 ]. An increased homocysteine concentration in blood is an independent factor responsible for not only cardiovascular diseases [Hainaut et al., 2002; Herrmann et al., 2004; Selhub, 2008] but also other pathological cases occurring in a group of elderly people [Selhub, 2008] . Homocysteine is responsible for oxidation of the LDL cholesterol accelerating the development of the atherosclerotic plaques [Sierakowska-Fijałek et al., 2008] and infl uences the processes of blood clotting by adhesion of blood platelets to the vascular endothelium [Karakuła et al., 2009; Refsum et al., 2004] . On the other hand, methionine has an increasing effect on HDL-cholesterol and a decreasing effect on VLDL-cholesterol.
There are two crucial factors which have an effect on the reduction of homocysteine; these are the suffi cient consumption and adequate nutritional status in relation to folates [Williams & Schalinske, 2010] . The literature describes several experiments which proved an increased Hcy level in serum due to diet supplementation with methionine [Liu et al., 2013; Sharma et al., 2007] . The process of homocysteine re-methylation requires an adequate supply of folic acid, vitamin B 12 and vitamin B 6 [Bieżanowska- Kopeć et al., 2007; Liu et al. 2008] . There is a lack of research that would assess the relationship between a high consumption of methionine, taking into account its negative as well as positive impact on the development of atherosclerosis, and the supply of different doses of folic acid.
The aim of this study was to reduce the level of homocysteine (Hcy) by high-methionine dietary supplementation of folic acid and to evaluate changes in lipid parameters in blood serum of experimental rats, assuming the same benefi cial effects on lipid metabolism of methionine.
The following research hypotheses were adopted: 1) High intake of methionine in the diet increases the concentration of homocysteine in the serum of experimental animals and changes parameters of the lipid profi le. 2) Concurrent, high dietary intake of methionine and folic acid has a benefi cial effect on the changes in the concentration of homocysteine and parameters of blood serum lipid profi les. 3) Changes in the concentration of homocysteine and lipid profi le parameters in the blood serum are determined by the ingested dose of folic acid.
MATERIALS AND METHODS
The studies were carried out with 42 growing albino Wistar rats, purchased from the Animal Husbandry in Brwinów, Warsaw, Poland. Before the experiment, the animals were acclimatized for 4 days on standard laboratory chow. The four-week--old rodents, with their starting body weight being 117-136 g, were divided into seven groups (n=6, male). The division was made on the basis of their body weight in order to obtain similar group averages, i.e. 127 (±9) g. The animals were housed separately in stainless steel metabolic cages (temp. 23±2°C with a normal day/night cycle). During the experimental period (52 days), the control group (I) was fed with the AIN-93G semi-synthetic diet [Reeves, 1993] , the second control group (II) was fed with the AIN-93G semi-synthetic diet supplemented with 32 g of methionine/kg diet, whereas groups III-VII were fed with the AIN-93G semi-synthetic diet supplemented with 32 g of methionine/kg diet and 2, 4, 8, 18 and 28 g of folic acid/kg diet, respectively ( Table 1) .
The dose of methionine was chosen based on our earlier experiment, as was previously described [Bieżanowska- Kopeć & Leszczyńska, 2012] . During the experiment, rodents were fed diets at 10% of the rat's body weight and had free access to water. The intake of diets was recorded every day. Body weight gain was recorded during the whole experiment on a weekly basis. At the end of the experiment, the animals were anesthetized with sodium thiopental (Biochemie, Vienna, Austria). The experiment was performed after receiving the agreement from the First Local Ethical Committee on Animal Testing at the Jagiellonian University in Krakow (Poland) and in accordance with the requirements of that organization. Blood samples were then collected via heart puncture into plain test tubes from animals under anesthesia. Blood samples were collected to obtain serum by centrifugation (1500×g, 15 min). The level of serum homocysteine was determined using in vitro immunoenzymatic tests (Immulite Homocysteine LKHO1, Llanberis, UK). Serum total cholesterol (TC) and HDL fraction were analyzed enzymatically with commercial kits (BioVendor cat.-no 10851, Czech Republic and BioVendor cat.-no 10855, Czech Republic). Triacylglycerols content was determined enzymatically with standard kits (BioVendor cat.-no 12805, Czech Republic). Lipid profi le was determined using the COBAS INTEGRAL 400/700/800 apparatus. The level of the LDL+VLDL fraction was calculated as the difference between the total cholesterol level and the HDL fraction level.
Results were expressed as the mean value ± standard deviation. Where appropriate, the data were subjected to a one--way ANOVA test (Statistica 9.0. package, Stat Soft, Inc., Tulsa, Oklahoma USA) followed by a post-hoc Duncan's 
RESULTS AND DISCUSSION

Homocysteine
In this experiment, the rats fed the diet with 32 g methionine/kg (group II) showed a higher homocysteine content of about 709% compared to the control group I. The statistical analysis revealed that only in group VII receiving the diet with 28 mg folic acid/kg, a decrease in Hcy concentration was signifi cant (p<0.05) in comparison with the control group I. Compared with the methionine-supplemented group II, the addition of folic acid in groups III to VII had no significant impact on the value of this parameter ( Table 2) .
In an organism, methionine supplied with food may undergo conversion to homocysteine through demethylation On the other hand, experiments conducted by Lentz [2005] on the animal's models proved that hyperhomocysteinemia and endothelial dysfunction were accompanied by decreasing bioavailability of the endothelial nitrogen. As a result, an increased susceptibility to arterial thrombosis is observed as well as accelerated development of arteriosclerotic lesions [Lentz, 2005] . This in turn may suggest a correlation between an elevated Hcy level and a higher risk of cardiovascular diseases (CVD). The highest risk for CVD is observed with respect to subjects with the increased level of homocysteine, CRP protein and LDL cholesterol [Herrmann et al., 2004] . In view of the results obtained along with the author's own studies and aforementioned fi ndings of other authors, it may be concluded that in a high methionine diet, a protective activity of folic acid against Hcy concentration in blood depends on its level in such a diet (in this experiment r=-0.95), the animal's model applied and duration of the experiment.
Total cholesterol
In this experiment, the addition of methionine to control group II had a signifi cant effect on the increase (p<0.05) in the total cholesterol content in blood serum (of about 38%), compared to the control group I. Only in groups III and IV, a trend was observed towards a decrease in the total cholesterol content due to the addition of the lowest dose of folic acid. The results obtained in this experiment are similar to those reported by Liu et (75 μg/kg/day). At the same time, a decrease in serum apoB concentrations indicates that the apoB containing particles of folic acid-treated mice carried more cholesterol. This effect was more pronounced in VLDL than in LDL particles.
HDL cholesterol level
The obtained results showed a signifi cant increase (p<0.05) of about 40% in the content of HDL cholesterol in blood serum of rats fed the high methionine diet compared to the control group. With regard to the methionine--supplemented group (II), the folic acid addition had no signifi cant impact on changes in the value of this parameter. The results obtained in this study and these shown in other studies [Bieżanowska-Kopeć & Leszczyńska, 2012] provide evidence that there is a positive correlation between the methionine supply and an increase in the HDL cholesterol. This, in turn, may acknowledge a positive methionine infl uence on lipid metabolism and, in consequence, may attenuate a risk of atherosclerosis.
The protective activity of high-density lipoproteins (HDL) against vascular diseases comes from the fact that they act as a go-between in reverse cholesterol transport [Navab et al., 2005] . These lipoproteins participate in cholesterol transport from peripheral tissues to the liver and affect to the greatest extent the total cholesterol content in this organ [Navab et al., 2005] . Clinical studies conducted in a group of patients with coronary artery disease showed a negative correlation be- 
LDL+VLDL cholesterol level
The folic acid supplementation of animals diet (2--28 mg/kg the diet) had no impact (p>0.05) on the level of the LDL+VLDL. The serum of the rats administered the high methionine diet containing the highest dose of folic acid (group VII) had signifi cantly more (p<0.05) LDL+VLDL cholesterol compared to the control group I, the increase being about 67%.
In this experiment, methionine addition to the diet in the control group II had no signifi cant effect (p>0.05) on the level of the LDL+VLDL cholesterol fraction; only an ascending tendency was observed (Table 2 ). Low density lipoproteins are responsible for the transport of cholesterol to body cells; under the appropriate conditions it adheres to the intima cells of the artery vessel gradually forming the atherosclerotic plaque [Liu et al., 2008] . The increased LDL cholesterol level is the main risk factor for cardiovascular diseases [Urban, 2007] . As Bieżanowska-Kopeć & Leszczyńska [2012] proved in their experiment, the methionine-supplemented diet did not noticeably change the level of LDL+VLDL cholesterol fraction in the rats' serum. Moundras et al. [1995] , proved that the content of LDL cholesterol in blood serum was higher when the animals were provided a diet supplemented with a lower methionine dose; whereas higher doses of this amino acid led to a substantial decrease in this cholesterol fraction. This contrasts with fi ndings reported by Sharma et al. [2007] . The addition of folic acid to the high methionine diet resulted in an ascending tendency observed for the level of LDL+VLDL cholesterol fraction; a similar effect was noted by Carnicer et al. [2007] . The authors observed a signifi cant rise in this cholesterol fraction in the blood serum of the apoE mice due to the fact that their diet containing methionine was supplemented with folic acid. Methionine coupled with choline are the important precursors of phosphatydylocholineone of the main phospholipids occurring in the outer VLDL layer [Vance & Vance, 1985] . Also, in their experiment Namekata et al. [2004] found higher concentrations of VLDL and/ or LDL cholesterol in CBS -/-defi cient mice compared to those determined in wild mice. On the other hand, the higher Hcy content resulting from methionine availability caused that the metabolic path of lipoproteins was partly improved. This may provide evidence for the anti-atherosclerotic character of methionine [Bieżanowska-Kopeć & Leszczyńska, 2012] .
Triglycerides
According to the present data, there was no statistically signifi cant difference (p>0.05) in the TG level determined in the blood serum of the experimental animals fed the methionine-supplemented diet and the control diet I ( Table 2) . There was only a trend towards an increased TG value. Diet supplementation with folic acid had also no effect on signifi cant changes (p>0.05) in this parameter compared to the methionine control group; however, a negative correlation (r=-0.94) was proved between the content of folic acid in a diet and the TG concentration in the serum of the experimental animals. There was only a trend towards an increased TG value.
As reviewed by Bieżanowska-Kopeć & Leszczyńska [2012] , an increase in the methionine supply is accompanied by a decrease in the TG level. In turn, Sharma et al. [2007] noted that when considering the methionine-supplemented diet of animals, extension of their feeding time resulted in a decrease in the TG concentration, even at little methionine dose. Opposite results were reported by Sharma et al. [2007] and Rizki et al. [2006] . The results presented in this paper suggest that folic acid and methionine concentration in blood as well as their participation in the process of methylation are associated with Hcy level and lipid metabolism. According to the literature, subjects receiving a diet high in folic acids as well as B 6 and B 12 vitamins, characterized simultaneously by a large content of these vitamins in blood serum, are less likely to suffer from cardiovascular diseases [Bønaa et al., 2006] . The liver is assumed to play a major role in the regulation of lipid metabolism. This organ absorbs the majority of amino acids and is also considered a major site of their metabolism. Excessive protein supply leads to catabolic transformation of amino acids; the formed alfa-ketoacids are used i.a. for the synthesis of fatty acids.
The results obtained in this paper and the data reported by other authors [Berg et al., 2005] suggest that hyperlipidemia may be associated with increased cell methylation. Methionine can be transformed into succinyl-CoA which participates in the metabolism of fatty acids. At the fi rst stage of this process, methionine, via the adenylation process, is converted to S-adenosylmethionine (SAM), commonly used as a do-nor of methyl residues in a cell. Detaching methyl group and deadenylation results in forming homocysteine, which then may undergo the conversion to α-ketobutyrate, the latter being converted fi rst to propionyl-CoA by oxidative decarboxylation with the use of enzymatic complex and then to succinyl-CoA [Berg et al., 2005] . Hypermethylation associated with hyperhomocysteinemia (HHCY) is responsible for cholesterol biosynthesis in the liver and lipids' accumulation in tissues [Woo et al., 2005] . It seems that the acceleration of methylation increases the synthesis of phosphatidylcholine (PC) -a crucial phospholipid playing a key role in several metabolic paths in a cell [Ng et al., 2004] . PC is a methylated product of phosphatidylethanolamine (PE). According to Preynat et al. [2010] , folic acid per se or together with vitamin B 12 shows a tendency towards increasing the ratio of phosphatidylcholine (PC) to phosphatidylethanolamine (PE) [Preynat et al., 2010] . About 50% of the plasma Hcy is involved in PC synthesis in the liver [Noga et al., 2003 ]; therefore, PC synthesis is recognized as a contact point between SAM and phospholipid metabolisms [Obeid & Herrmann, 2009 ].
The results obtained in this study indicate that the supplementation of a high methionine diet with folic acid has a benefi cial effect on the level of homocysteine; additionally, triglycerides are lowered to the base level.
CONCLUSIONS
The diet with high levels of methionine can increase the concentration of homocysteine as well as total cholesterol and HDL cholesterol. High doses of folic acid in the high methionine diet decreased homocysteine level of in the blood serum of experimental animals and had no effect on the lipoprotein profi le. The levels of homocysteine and triglycerides in the serum of rats fed a high methionine diet, supplemented with the lowest dose of folic acid (2 mg/kg diet), showed a growing trend compared to animals fed the high methionine diet; and additionally were signifi cantly higher compared to the animals administered the diet with higher doses of folic acid.
Supplementing the high methionine diet with folic acid, at the highest dose evaluated, resulted in a signifi cant decrease in homocysteine levels and simultaneously in maintaining the favorable lipid profi le parameters, obtained by the intake of methionine.
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